Insulin release and protein phosphorylation: possible role of calmodulin.
Both Ca2+ and cyclic AMP (cAMP) are implicated in the regulation of insulin release in the pancreatic beta cell. In hamster insulinoma cells used in our laboratory to study the mechanism of insulin release, Ca2+ and cAMP trigger secretion independently. Concomitant with stimulation of the secretory apparatus both cAMP and Ca2+ promote phosphorylation of distinct insulinoma cell proteins. Calmodulin may be involved in the stimulation of insulin release and protein phosphorylation induced by Ca2+ influx. The Ca2+-dependent protein kinase of the insulinoma cell is activated by exogenous calmodulin and blocked by trifluoperazine, and inhibitor of calmodulin action. This drug also inhibits glucose-induced insulin release in pancreatic islets. In insulinoma cells trifluoperazine blocks Ca2+ influx-mediated insulin release and protein phosphorylation with no effect on basal or cAMP-mediated insulin release and protein phosphorylation with no effect on basal or cAMP-mediated secretion. Inhibition of Ca2+ influx-mediated insulin release and protein phosphorylation occurs with nearly identical dose dependence. Inasmuch as trifluoperazine affects voltage-dependent Ca2+ uptake in insulinoma cells, an involvement of calmodulin cannot be directly inferred. The evidence suggests that protein phosphorylation may be involved in the activation of the secretory apparatus by both cAMP and Ca2+. It is proposed that stimulation of insulin release by cAMP and Ca2+ is mediated by cAMP-dependent protein kinase and calmodulin-dependent protein kinase, respectively.